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I. INTRODUCTION

F
OR several decades a considerable amount of research activity has been directed towards advances and developments in the field of biomedical instrumentation, which includes numerous specialist topics such as measurement principles and methods, transducers and instruments, and clinical or health care applications. This review briefly introduces three topics from recent publications in this field. These are: 1) new concepts of measurement methods; 2) noteworthy improvements of existing methods; and 3) feasible applications of bioinstrumentation.
II. NEW CONCEPTS OF MEASUREMENT METHODS
1) Breathing Monitoring by Thermal Film:
Breath flow measurement is usually made in clinical situations by inserting a thermistor into a subject's nostril. A new less intrusive and more useful method based on a versicolor thermal film combined with image processing has been designed for quantification of breathing [1] . When placed under the nose temperature changes of this film produced by ex-and inhalation are displayed as 2-D color pattern changes on the film. It is interesting and clinically useful to evaluate certain respiratory conditions from nostril asymmetry using the visual 2-D image pattern.
2) Heart Sound Monitoring by Electromechanical Film: The conventional phonocardiogram (PCG) is obtained by means of various types of microphone. Kärki et al. recently tried to record heart sounds by using an electromechanical film-type transducer which was composed of thin, elastic, three-layered polypropylene films [2] . This film transducer was directly attached to the chest like an ECG electrode and vibrations originating from cardiac beats were detected. chronized with cardiac beats and having a similar appearance to the conventional PCG could be obtained.
III. NOTEWORTHY IMPROVEMENTS OF EXISTING METHODS
1) Bio-Impedance Measurement:
A few decades ago, impedance cardiography was widely used in clinical settings to evaluate noninvasively cardiac output (CO) and/or stroke volume (SV) as well as cardiac function. However, the method is now rarely used as a clinical tool, due mainly to the absence of adequate theoretical underpinning and to practical disadvantages resulting from the need to use a tetrapolar band-electrode system. Nevertheless, the method's important potential as a simple, noninvasive approach for continuous measurement of vital cardiac variables, more than justifies further investigations.
In order to analyze the origin of transthoracic impedance changes theoretically and to determine an appropriate improved electrode configuration, Ikarashi et al. carried out experimental and numerical analyses, along with comparison experiments between the impedance method using a newly proposed spot-electrode array and a conventional dye-dilution method [3] . The impedance changes measured with this electrode array showed a good correspondence with those predicted by analysis using the 3-D finite-element method (FEM) and good agreements between the CO values by the two methods were obtained. Another approach using an FEM analysis for bio-impedance tomography has been successfully applied by Leonhardt's group [4] . Recent developments of FEM analysis provide a good tool to evaluate bio-impedance measurements and in fact, when used appropriately, this technique appears to have great potential and promise for many biomedical applications.
2) Electrophysiological Measurements Using New Types of Electrodes:
Electrophysiological signals such as ECG, EMG, EEG, etc., are ordinarily detected using electrodes attached on the skin, so that considerable efforts have been made on the development of new electrodes with higher stability and S/N and without skin reddening and irritation. Among many recent relevant reports, noteworthy developments are: a) capacitive-type electrodes which allow the detection of ECG signal through clothes [5] ; b) flexible, dry, surface electrodes not requiring skin surface preparation or any electrolyte gel [6] ; and c) carbon nanotube-array-based dry electrodes [7] . Almost all of these dry-type electrodes are still under development and thus further investigations on reliability for clinical use still need to be carried out.
3) Blood Glucose Measurement: Reliable blood glucose (BGL) measurement is a vital part of self-care by diabetic patients. For more than four decades improved methods have been sought to eliminate the need for the frequent, often painful, finger-pricking and blood analysis using an enzymic biosensor, which even today remains the most widely used method. Among a variety of alternatives not requiring blood sampling [8] , those based on transdermal measurements of analytes extracted through the skin are notable. An example of these, which is now commercially available, is the GlucoWatch Biographer which uses iontophoresis. Despite the attractions of the transdermal methods there are severe problems in that many patients suffer from skin irritation after repeated applications.
Truly noninvasive BGL measurement has therefore been most desired and has been explored worldwide using particularly such optical techniques as surface plasmon resonance, photo-acoustic measurement, optical coherence tomography, diffuse reflectance spectrometry, and so on. Differing from these optical techniques in principle, a novel implementation of spectrophotometric measurement named "pulse glucometry," that is based on very high speed near infrared spectroscopy combined with multivariate analysis, has recently been developed [9] . Although a compact device for home use based on these optical methods has not yet been commercialized, urgent developments are needed for self-care by diabetics as well as for general health care by normal subjects.
IV. FEASIBLE APPLICATIONS OF BIOINSTRUMENTATION
Bioinstrumentation has usually been applied to hospital and laboratory situations. However, there is now a major effort to develop instruments capable of evaluating health condition in normal daily life. This chapter introduces two such applications, one for home use and the other during vehicle driving.
1) Physiological Monitoring at Home Without Attachment of any Biological Sensors:
Health monitoring at home is one of the hot topics in the field of biomedical engineering, a major goal being to enable such measurements to be made everyday, longterm, to evaluate health conditions. One widely used approach is simply to set up basic home-use devices, such as a thermometer, a sphygmomanometer, weighing scales and so on, to be operated by the subjects themselves. This approach is, however, difficult and bothersome for the subject to continue over long periods.
A new concept has recently been proposed to monitor physiological variables in a fully automated manner without the need either to attach any sensors onto the body or for the subject to carry out any operations, using home facilities such as a bed, bathtub and rest room [10] , [11] . An example of such a home network system with instrumented facilities was demonstrated by Motoi et al. [12] . This concept would also be applicable and useful for patient monitoring in a hospital room.
2) Physiological Monitoring for Safer Driving: Advanced in-car systems based on physiological monitoring for safer driving are being vigorously developed. Among the possible approaches for this purpose, an alarm system with EOG and ECG based sleep onset prediction [13] and an ECG monitor using a steering wheel to assess hear rate variability during driving [14] have been developed. It is also worth noting that the monitoring of peripheral skin temperature has recently been proposed as a possible reflection of driver's stress [15] . Further developments with noninvasive as well as noncontact physiological measurements are urgently required.
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